Background and purpose: Migraine is a frequent form of headache. Although many mechanisms describing onset of migraine with and without visual aura have been suggested, the aetiology of migraine headaches is still not clear. Neurogenic inflammation may play a key role in the development of migraine headaches. We evaluated the discriminative power of serum levels of C-reactive protein (CRP) and transforming growth factor beta 1 (TGF-β1) in patients who presented to our clinic with migraine headaches with or without visual aura. Material and methods: We designed a prospective case-control study of 51 patients with migraine (27 with migraine with aura and 24 with migraine without aura; all had headache) and compared them with 27 healthy subjects during the study period. Demographic and clinical characteristics recorded were age, sex, marital status, occupation, characteristics of headache, laboratory values, and serum CRP and TGF-β1 levels. Statistical analyses used Student t-test, the χ 2 test, and ANOVA followed by the post-hoc Bonferroni test for multiple comparisons. Receiver operator characteristic (ROC)-curve analysis for CRP and TGF-β1 was also conducted. Results: There was no difference between the groups in terms of demographic characteristics, marital status, and socioeconomic status. Statistically, white blood cell levels, serum gluEvaluation of serum transforming growth factor β1 and C-reactive protein levels in migraine patients Stê¿enia transformuj¹cego czynnika wzrostu β β1 i bia³ka C-reaktywnego u chorych na migrenê ORIGINAL PAPER/ARTYKU£ ORYGINALNY
Introduction
Migraine is a frequent form of headache, with symptoms that include severe headache attack, photophobia, nausea, vomiting, autonomic symptoms, and in some patients, visual aura involving neurological symptoms [1] . While the pathophysiology of migraines is still unclear, many pathophysiological mechanisms are related to the development of migraines, including vascular [2] , neuro genic [3] , hypoxic [4] , and trigeminovascular [5] involvement.
Cutter et al. [2] provided evidence to support the vascular theory by showing a decrease in blood flow in the occipital lobe during the migraine aura. Lance [3] revealed an important step in the genesis of migraine by demonstrating that diffuse projections from the locus coeruleus to the cerebral cortex could initiate cortical oligaemia, possibly spreading depression caused by serotonin [3] .
Another theory of migraine pathogenesis is neurogenic inflammation. It was first described by Dalessio [6] , who showed that migraine occurred as a result of vasodilatation associated with a sterile local inflammatory reaction. Alterations of some interleukins have been reported in migraineurs [7] . C-reactive protein (CRP) [8] and transforming growth factor β1 (TGF-β1) [9] are considered to have a role in inflammation. The level of CRP, an acute-phase protein in blood, rises in response to inflammation [10] . TGF-β1 is a polypeptide member of the transforming growth factor beta super-family of cytokines. It is a secreted protein that is involved in many cellular functions, including the control of cell growth, cell proliferation, cell differentiation, apoptosis, and inflammation [11] . Previous studies evaluated the association of CRP and TGF-β1 with clinical characteristics in migraine patients [12, 13] and reported that CRP and TGF-β1 might have a role in migraine pathogenesis.
In the current study, we aimed to investigate the role of TGF-β1 in migraine, to determine the diagnostic role of this interleukin in migraine, and to compare it with CRP, which has been shown previously to play a role in neurogenic inflammation.
Material and methods
This prospective case-control study was performed from June 2009 to June 2010 in the Dicle University School of Medicine, Department of Neurology, a tertiary referral hospital in the south-eastern region of Turkey. Most of the patients were referred to our hospital from area health centres. The health services were mostly free of charge and supported by the government. The study was approved by the Ethics Committee of the Dicle University School of Medicine (no. 77-02.07.10), and written informed consent was received from all of the patients.
The diagnosis of migraine with and without visual aura was made using the 2004 International Headache Society classification (ICHD-II) [14] . Table 1 shows the features of patients' headaches. The features analysed were unilateral pain, pulsating quality, moderate or severe pain intensity, aggravation by physical activity, nausea and/ or vomiting, photophobia, and phonophobia. A total of 78 persons were included in the study. Of these, 51 were the study group with headache (27 patients experienced aura [migraine with aura] and 24 did not [migraine without aura]). The control group included 27 subjects who were free of migraine and headache. Excluded from this study were pregnant or lactating women, patients with daily use of drugs (except hormonal contraceptives), patients with active infection, and patients with cardiovascular diseases, hypertension, diabetes mellitus, or hypercholesterolaemia. Based on medical history, physical examination, and routine laboratory tests, the controlcose levels, triglyceride levels, high-density lipoprotein levels, and serum CRP and TGF-β1 were significantly higher in patients with migraine (p < 0.05). The ROC curve results in this study identified that CRP and TGF-β1 may discriminate patients who have different types of migraine headache. Conclusions: This study suggests that serum CRP and TGF-β1 levels may be diagnostic factors to differentiate migraine patients with and without aura. These findings show that neurogenic inflammation may have a role in the aetiology of migraines.
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group participants were healthy subjects without headache, history of headaches, or first-degree relatives with headaches.
Demographic and clinical characteristics recorded were age, sex, marital status, job, characteristics of headache, laboratory values, and serum CRP and TGF-β1 levels. Fasting blood samples were obtained from the antecubital vein during a headache-free period of 12 hours. Serum was collected within one hour and kept frozen at -80°C until analysis. CRP levels were determined by the CRP kit (Beckman Coulter, immage S/N 2528, Fullerton, Cali fornia, USA). TGF-β1 levels were determined by the nephelometric method with an enzyme-linked immunosorbent assay (Invitrogen, Camarillo, CA, USA).
Statistical analysis
Mean values and standard deviations (SD) were calculated for continuous variables. The normality of the variables was analysed by the Kolmogorov-Smirnov test. The χ 2 test and independent sample t-test were used to evaluate associations between categorical and continuous variables, respectively. The mean values of the three groups were analysed using one-way ANOVA followed by the post-hoc Bonferroni test for multiple comparisons. Variables were included in the backward and stepwise procedures. The sample size was determined according to the results of the central limit theorem [17] , which indicated that at least 30 individuals were required in each subgroup. Receiver operator characteristic (ROC)-curve analysis was used to establish the cut-off values for CRP and TGF-β1. Two-sided p-values were considered statistically significant at p < 0.05. Statistical analyses were carried out using SPSS 15.0 for Windows (SPSS, Inc., Chicago, IL, USA).
Results
The demographic characteristics of the study group are shown in Table 2 . There were no statistically significant differences among the groups in terms of age, job, marital status, or socioeconomic status (p > 0.05). The con trol group included 11 (40.7%) male and 16 (59.3%) female participants. Of these, 17 (62.9%) were married; most of them were homemakers and volunteer workers. None of the patients had clinical evidence of active infection. There were no statistically significant differences between the patient groups in terms of age, duration of illness, or family history. Table 3 compares the laboratory values between the groups. Statistically, there were no significant differences between the groups in terms of alanine aminotransferase or aspartate aminotransferase levels (p > 0.05). Whole blood count levels, glucose levels, and serum lipid levels, including triglyceride and high-density lipoprotein levels, were significantly higher in the migraine groups compared with controls (p < 0.05).
Serum CRP and TGF-β1 levels were determined in the three groups and the results are shown in Table 4 . According to the Bonferroni method, there were statistically significant differences among the three groups in terms of CRP and TGF-β1 levels (Table 4) .
Areas under the receiver operating characteristic curves (AUC-ROC) for CRP and TGF-β1 are shown in Figure 1 . 
Discussion
We designed a case-control study to determine the pathophysiology of migraine. The study included 27 patients with migraine with aura, 24 patients with migraine without aura, and 27 controls without migraine. The levels of CRP and TGF-β1 were higher in the migraine patient group compared with the control group. These results support the role of inflammation in the pathophysiology of migraine. Serum lipid levels were found to be higher in the migraine patient group, and this finding may support the vascular theory of migraine. Our findings also support previous studies that found an association between migraine and increased plasma lipid levels [15, 16] . Larger studies with more patients should be conducted to examine the involvement of neurogenic inflammation in migraine. ROC analysis determined that TGF-β1 may have strong discriminative power in differentiating patients with aura and without aura in migraine.
The relationship between neurogenic inflammation and migraine was first determined by Dalessio [6] , who showed that migraine occurs as a result of vasodilatation associated with a sterile local inflammatory reaction. Moskowitz et al. [13, 14] also reported that sterile neurogenic inflammation may have a role in migraine pain [13, 14] . In the neurogenic inflammation theory, release of vasoactive mediators from trigeminal perivascular fibres results in vasodilatation, plasma protein extravasations, and a decrease in proinflammatory mediators [14] . To examine the association between migraine and neurogenic inflammation, various interleukins have been evaluated [8, 18, 19] . Calcitonin gene-related peptide (CGRP) is an endogenous inflammatory mediator found to have a role in migraine and neurogenic inflammation, which causes dilation of cranial blood vessels, and this also supports the vascular theory of migraine [20] . Likewise, the role of CRP [21, 22] and TGF-β1 [10] levels has been studied to determine the association between migraine and neurogenic inflammation.
CRP levels rise in response to inflammation [23] . TGF-β1 is a polypeptide member of the transforming growth factor beta super-family of cytokines. It is a secreted protein that performs many cellular functions, including contributing to the control of cell growth, cell proliferation, cell differentiation, apoptosis, and inflammation [11] .
Vanmolkot et al. [21] reported that serum CRP levels were higher in migraine patients and highest in the migraine without aura group, and this finding supports the role of neurogenic inflammation in migraine. Similarly, we found higher serum CRP levels in our migraine patient group; however, in contrast to the study by Vanmolkot et al., the migraine with aura group had the highest CRP levels. Our data also suggest that neurogenic inflammation may have a role in migraine pathophysiology.
Welch et al. [22] evaluated the levels of serum CRP in migraine patients who presented with complex clinical features. According to that study, serum CRP levels were higher in patients with atypical, severe, or complex clinical features. That study also showed the association between neurogenic inflammation and migraine.
The only study evaluating TGF-β1 levels in migraine is that of Ishizaki et al. [23] . In that study, Ishizaki et al. reported that TGF-β1 levels were higher in the migraine group and highest in the migraine with aura group. The elevated levels of TGF-β1 may be related to aura symptoms in migraine patients. We also found higher TGF-β1 levels in migraine patients, and they were highest in the migraine with aura group. To our knowledge, this is the first study to evaluate both serum CRP and TGF-β1 levels in migraine patients.
Conclusions
Our results indicate that neurogenic inflammation may have a role in the pathophysiology of migraine.
